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(54) OPERATING METHOD OF FUEL CELL AND FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an operating 
method of a fuel cell having less deterioration of a cell 
performance even at an operation for a long period of 
time, and also, to provide a fuel cell system capable of 
easily implementing the above operating method. 
SOLUTION: In the operating method of the fuel cell 
structured by laminating through a separator a plurality 
of electrode jointed bodies consisting of a fuel electrode 
supplied with fuel gas including hydrogen, an oxygen 
electrode supplied with oxidant gas including oxygen and 
an electrolyte mounted between the fuel electrode and 
the oxygen electrode, at least either deoxidization 
treatment to reduce oxygen concentration or 
dehydrogenation peroxide treatment to reduce hydrogen 
peroxide concentration is applied at least either the fuel 
gas or fuel electrode side out gas exhausted from the 
fuel electrode. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the operating method of the fuel cell with which the laminating of two or more electrode zygotes which 
consist of an electrolyte fastened between the fuel electrode with which the fuel gas containing hydrogen is 
supplied, the oxygen pole to which the oxidant gas containing oxygen is supplied, and this fuel electrode 
and this oxygen pole was carried out, and they were constituted through the separator, 
The operating method of the fuel cell characterized by performing either [ at least ] deoxidation processing 
to which an oxygen density is reduced in either [ at least ] said fuel gas or the fuel electrode side appearance 
gas discharged from said fuel electrode, or dehydrogen-peroxide processing in which hydrogen-peroxide 
concentration is reduced. 
[Claim 2] 

Said deoxidation processing is the operating method of the fuel cell according to claim 1 which is reduction 
processing of the oxygen by the catalyst. 
[Claim 3] 

Said dehydrogen-peroxide processing is the operating method of the fuel cell according to claim 1 which is 
reduction processing of the hydrogen peroxide by the catalyst. 
[Claim 4] 

After humidifying said fuel gas with a fuel electrode side humidifier, it is supplied to said fuel electrode, 
The operating method of a fuel cell according to claim 1 which performs either [ at least ] said deoxidation 
processing or said dehydrogen-peroxide processing to this fuel gas in this fuel electrode side humidifier. 
[Claim 5] 

The operating method of a fuel cell according to claim 4 which at least one side of dehydrogen-peroxide 
processing to which the deoxidation processing and hydrogen-peroxide concentration to which an oxygen 
density is reduced are reduced is given to the humidification water of a fuel electrode side humidifier in the 
first half, and performs either [ at least ] said deoxidation processing or said dehydrogen-peroxide 
processing to fuel gas by humidifying with this humidification water in the first half. 
[Claim 6] 

The fuel cell with which the laminating of two or more electrode zygotes which consist of an electrolyte 
fastened between the fuel electrode with which the fuel gas containing hydrogen is supplied, the oxygen 
pole to which the oxidant gas containing oxygen is supplied, and this fuel electrode and this oxygen pole 
was carried out, and they were constituted through the separator, 

a deoxidation processing means for it to be installed in one [ at least ] passage of the fuel electrode side 
appearance gas discharged from said fuel gas and said fuel electrode, and to reduce one [ at least ] oxygen 
density of this fuel gas and this fuel electrode side appearance gas — and 

At least one side of dehydrogen-peroxide processing means ** to which it is installed in one [ at least ] 
passage of the fuel electrode side appearance gas discharged from said fuel gas and said fuel electrode, and 
one [ at least ] hydrogen-peroxide concentration of this fuel gas and this fuel electrode side appearance gas 
is reduced, 

Preparation ********** system. 
[Claim 7] 

Said deoxidation processing means is a fuel cell system according to claim 6 which is the catalyst which 
carries out reduction processing of the oxygen. 
[Claim 8] 

Said dehydrogen-peroxide processing means is a fuel cell system according to claim 6 which is the catalyst 
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which carries out reduction processing of the hydrogen peroxide. 
[Claim 9] 

Furthermore, it has the fuel electrode side humidifier which humidifies said fuel gas, 

This fuel electrode side humidifier is a fuel cell system according to claim 6 which has either [ at least ] a 

deoxidation processing means to reduce the oxygen density of this fuel gas, or a dehydrogen-peroxide 

processing means to reduce the hydrogen-peroxide concentration of this fuel gas. 

[Claim 10] 

The fuel cell system according to claim 9 by which at least one side of dehydrogen-peroxide processing 
which reduces the deoxidation processing and hydrogen-peroxide concentration to which an oxygen density 
is reduced in the humidification water of a fuel electrode side humidifier is given in the first half, and this 
humidification water becomes either [ at least ] said deoxidation processing means or said dehydrogen- 
peroxide processing means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the operating method and fuel cell system of a fuel cell. 
[0002] 

[Description of the Prior Art] 

Generating efficiency is high, the fuel cell which generates the electrical and electric equipment according to 
the electrochemical reaction of gas has clean gas discharged, and there is very little effect to an 
environment. Therefore, various applications, such as an object for a generation of electrical energy and a 
power source for automobiles of low pollution, are expected in recent years. A fuel cell can be classified 
according to the electrolyte, for example, the phosphoric acid fuel cell, the fused carbonate fuel cell, the 
solid acid ghost mold fuel cell, the polymer electrolyte fuel cell, etc. are known. 
[0003] 

Especially, a polymer electrolyte fuel cell can be operated at about 80-degree C low temperature, and has 
big power density. A polymer electrolyte fuel cell usually uses a poly membrane with proton conductivity as 
an electrolyte. The electrode of a pair which turns into a fuel electrode and an oxygen pole, respectively is 
prepared in the both sides of the poly membrane used as an electrolyte, and an electrode zygote is 
constituted. The single eel which pinched this electrode zygote with the separator serves as a generation-of- 
electrical-energy unit. And fuel gas, such as hydrogen and a hydrocarbon, is supplied to a fuel electrode, 
oxidant gas, such as oxygen and air, is supplied to an oxygen pole, respectively, and it generates electricity 
according to the electrochemical reaction in the three-phase zone of gas, an electrolyte, and an electrode. 
The poly membrane used as an electrolyte has proton conductivity, where water is contained. In order to 
maintain the proton conductivity of a poly membrane, after fuel gas and oxidant gas are humidified with a 
humidifier, respectively, they are usually supplied to each electrode. 
[0004] 

On the oxygen pole of a fuel cell, water generates by the cell reaction. Generation water moves between two 
electrodes and is discharged by electroendosmose and diffusion from a fuel electrode and an oxygen pole. 
Generally, in a fuel cell system, metallic materials, such as a corrosion resistance high stainless steel 
ingredient, are used as an ingredient of equipments, such as piping used as passage, such as fuel gas, and a 
manifold, a humidifier. However, the corrosion of the so-called metallic material in which a metal ion is 
eluted to humidification water or generation water may arise from the metallic material used for piping etc. 
depending on the operational status of a cell. 
[0005] 

For example, in a polymer electrolyte fuel cell, the eluted metal ion carries out the ion exchange to the 
proton of the sulfonic group in the macromolecule which constitutes an electrolyte and an electrode. 
Thereby, the proton conductivity of a poly membrane is checked and resistance of an electrolyte membrane 
increases. Moreover, the electrochemical reaction in an electrode is also checked. Consequently, the cell 
engine performance will fall by prolonged operation. 
[0006] 

Moreover, the eluted metal ion is returned with a fuel electrode, it deposits as a metal or there is also a 
possibility of becoming a hydroxide and an oxide and depositing to the oxygen pole. If a metal etc. deposits 
in an electrode, an electrode surface product will decrease and electrochemical reaction will be checked. 
Therefore, polarization of a cell increases and the cell engine performance falls like the above. 
[0007] 
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Thus, in a fuel cell, the endurance in prolonged operation poses a problem. As an attempt which raises the 
endurance of a fuel cell, the method of recovering the cell engine performance is indicated by operation with 
a heavy load, washing by the acidic solution, etc. (for example, patent reference 1 reference.). 
[0008] 

[Patent reference 1 ] 

JP,2001-85037,A 

[0009] 

[Problem(s) to be Solved by the Invention] 

However, the method of recovery indicated by the above-mentioned patent reference 1 is an approach of 
recovering the fuel cell with which the cell engine performance fell. That is, in prolonged operation of a fuel 
cell, it is not the approach of controlling cell performance degradation positively. 
[0010] 

As a result of repeating various examination so that this invention person may raise the endurance of a fuel 
cell, the corrosion of the metallic material by the side of a fuel electrode acquired the knowledge of being 
related to the endurance of a fuel cell. Here, a "fuel electrode side" is a concept containing a series of 
equipments arranged at the upstream and the downstream of a fuel electrode, such as piping and the 
humidifier used as the passage of the fuel electrode side appearance gas discharged from fuel gas and a fuel 
electrode, and a vapor-liquid-separation machine. The fuel electrode side serves as reducing atmosphere. 
Therefore, corrosive [ by the side of a fuel electrode ] was conventionally considered to be small compared 
with corrosive [ by the side of an oxygen pole ]. That is, corrosion of the metallic material by the side of a 
fuel electrode was seldom made an issue of. However, even if this invention person was reducing 
atmosphere, he found out that the corrosion of a metallic material may be promoted. For example, under the 
predetermined conditions in reducing atmosphere, the passive state film of the front face of a stainless steel 
ingredient will be in an unstable condition, and a corrosion rate will become large. 
[0011] 

This invention is being made based on the above-mentioned knowledge and controlling the corrosion of the 
metallic material by the side of a fuel electrode, and even when it operates for a long period of time, it 
makes it a technical problem for cell performance degradation to offer the operating method of few fuel 
cells. Moreover, let it be a technical problem to offer such a fuel cell system. 
[0012] 

[Means for Solving the Problem] 

this invention person considered the corrosion mechanism of the metallic material by the side of a fuel 
electrode as follows. For example, oxidation reaction of a stainless steel ingredient is expressed with a 
formula (1). 
Fe -> Fe2+ + 2e-... (1) 

On the other hand, when oxygen exists in fuel gas etc., it will be returned so that the oxygen may be 
expressed to a formula (2), and the reduction reaction of corrosion will be taken charge of. 
02 + 2H20 + 4e- -> 40H- ... (2) 

Moreover, in the usual cell reaction, water is generated from hydrogen and oxygen. However, reduction of 
the oxygen in an oxygen pole stops at 2 electronic reactions, and a hydrogen peroxide may be generated by 
the service condition of a fuel cell etc. The generated hydrogen peroxide moves to a fuel electrode from an 
oxygen pole with generation water and the oxygen which carried out cross leak. Therefore, a hydrogen 
peroxide may mix into the fuel electrode side appearance gas discharged from a fuel electrode. The 
hydrogen peroxide in fuel electrode side appearance gas will be returned so that it may be expressed with a 
formula (3), and the reduction reaction of corrosion will be taken charge of like oxygen. 
H202 + 2H+ + 2e- -> 2H20 ... (3) 

Thus, under existence of oxygen etc., the corrosion of a stainless steel ingredient advances with the mixed 

potential of the above-mentioned formula (1), and a formula (2) and a formula (3). 

[0013] 

The current-potential curve of a stainless steel ingredient is typically shown in drawing 1 . Since the passive 
state film will be formed in a front face if a certain potential is exceeded although a current increases with 
the rise of potential with a stainless steel ingredient as the drawing 1 solid line shows, a current becomes 
small rapidly. For example, in an oxidizing atmosphere, since the partial pressure of oxygen is high, the 
potential-current curve of reduction reactions, such as oxygen, becomes like a broken line (A). Therefore, 
the corrosion potential (Ea) decided by mixed potential of iron oxidation reaction and reduction reactions, 
such as oxygen, serves as **, and the corrosion current (la) of corrosion potential is small. On the other 
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hand, in reducing atmosphere like a fuel electrode side, the potential-current curve of reduction reactions, 
such as oxygen, shifts to **** potential, and becomes like a broken line (B). Therefore, the corrosion 
potential (Eb) decided by mixed potential of iron oxidation reaction and reduction reactions, such as oxygen, 
serves as **, and corrosion current (lb) becomes large. That is, in the reducing atmosphere according to 
which oxygen etc. exists in a minute amount, it turns out that the corrosion rate of a stainless steel ingredient 
is large. 
[0014] 

However, when oxygen etc. is lessened further, the potential-current curve of reduction reactions, such as 
oxygen, shifts to still more **** potential, and becomes like a broken line (C). Consequently, corrosion 
current (Ic) becomes small. That is, if oxygen and the hydrogen peroxide which are contained in fuel gas or 
fuel electrode side appearance gas are lessened as much as possible, it will be thought that the corrosion of a 
metallic material can be controlled. 
[0015] 

Moreover, it decomposes under existence of a metal ion and a hydrogen peroxide serves as a radical, as 

shown in a formula (4) and (5). 

H202 + Fe2+ -> HO- + OH- + Fe3+ ... (4) 

H202 + Fe3+ -> HOO- + H+ + Fe2+ ... (5) 

An electrode, an electrolyte, a separator, etc. are considered to receive damage by the generated radical. 
Therefore, also in order to control the cell performance degradation by radical generating, to remove a 
hydrogen peroxide as much as possible is desired. 
[0016] 

The fuel electrode with which the fuel gas with which the operating method of the fuel cell of this invention 
contains hydrogen is supplied, It is the operating method of the fuel cell with which the laminating of two or 
more electrode zygotes which consist of an electrolyte fastened between the oxygen pole to which the 
oxidant gas containing oxygen is supplied, and this fuel electrode and this oxygen pole was carried out, and 
they were constituted through the separator. It is characterized by performing either [ at least ] deoxidation 
processing to which an oxygen density is reduced in either [ at least ] said fuel gas or the fuel electrode side 
appearance gas discharged from said fuel electrode, or dehydrogen-peroxide processing in which hydrogen- 
peroxide concentration is reduced (it corresponds to claim 1). 
[0017] 

That is, in the operating method of this invention, concentration [ on the other hand / ("oxygen etc. is called" 
suitably hereafter.) / at least ] of the oxygen and the hydrogen peroxide with which fuel gas and fuel 
electrode side appearance gas are contained on the other hand ("fiiel gas etc. is called" suitably hereafter.) at 
least is made as low as possible, and a fuel cell is operated. "Deoxidation processing" in the operating 
method of this invention also includes negative processing in which the rise of an oxygen density besides 
[ to which oxygen densities, such as fuel gas, are reduced positively ] processing is controlled. Similarly, 
"dehydrogen-peroxide processing" also includes negative processing in which the rise of hydrogen-peroxide 
concentration besides [ to which hydrogen-peroxide concentration, such as fuel gas, is reduced positively ] 
processing is controlled. 
[0018] 

The oxygen of a minute amount may be contained in fuel gas by the purity. Moreover, humidification 
underwater dissolved oxygen may mix in fuel gas. Furthermore, oxygen may mix in fuel gas from piping, 
the resin seal section, etc. Therefore, the oxygen density of fuel gas is low maintainable by performing 
deoxidation processing to fuel gas. Consequently, the corrosion of the metallic material by the side of a fuel 
electrode can be controlled effectively. 
[0019] 

Moreover, the hydrogen taken out by vapor liquid separation may be again used as fuel gas from the fuel 
electrode side appearance gas discharged from a fuel electrode. In this case, it is effective, if it gives on the 
other hand ("deoxidation processing etc. is called" suitably hereafter.) to fuel electrode side appearance gas 
even if there are little deoxidation processing and dehydrogen-peroxide processing. As mentioned above, 
there is a possibility that the hydrogen peroxide may be contained in addition to oxygen in fuel electrode 
side appearance gas. Therefore, concentration, such as oxygen of fuel electrode side appearance gas, can be 
made low by performing deoxidation processing etc. to fuel electrode side appearance gas. Consequently, 
the corrosion of the metallic material by the side of a fuel electrode can be controlled effectively. Moreover, 
since the radical formation from a hydrogen peroxide is also controlled by performing dehydrogen-peroxide 
processing, the damage on electrolytic etc. decreases. In addition, it is also the same as when deoxidation 
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processing etc. is performed to the fuel gas with which fuel electrode side appearance gas joined. 
[0020] 

By performing deoxidation processing etc. to fuel electrode side appearance gas, concentration, such as 
oxygen in the fuel electrode side recycled water taken out from fuel electrode side appearance gas by vapor 
liquid separation, can also be made low. In this case, deoxidation processing etc. may be carried out in the 
state of the gas which contains moisture for fuel electrode side appearance gas, and deoxidation processing 
etc. may carry out the fuel electrode side recycled water obtained by carrying out vapor liquid separation of 
the fuel electrode side appearance gas. It becomes possible from this to reuse fuel electrode side recycled 
water as humidification water. In addition, the "fuel electrode side appearance gas" in this specification is a 
concept containing both gases, such as hydrogen, and fuel electrode side recycled water. 
[0021] 

Thus, according to the operating method of the fuel cell of this invention, since the corrosion of the metallic 
material by the side of a fuel electrode can be controlled effectively, even if it is the case where it operates 
for a long period of time, there is little cell performance degradation. 
[0022] 

In the operating method of the fuel cell of this invention, reduction processing of the oxygen by the catalyst 
is employable as deoxidation processing (it corresponds to claim 2). Moreover, reduction processing of the 
hydrogen peroxide by the catalyst is employable as dehydrogen-peroxide processing (it corresponds to claim 
3). Although explained in detail later, by contacting fuel gas etc. for a predetermined catalyst, it is 
decomposed and oxygen and the hydrogen peroxide which are contained in fuel gas etc. serve as water. 
Therefore, concentration, such as oxygen, such as fuel gas, can be easily reduced by using a catalyst. 
[0023] 

In the operating method of the fuel cell of this invention, after humidifying fuel gas with a fuel electrode 
side humidifier, a fuel electrode can be supplied and the mode which performs either [ at least ] deoxidation 
processing or dehydrogen-peroxide processing to this fuel gas can be adopted in this fuel electrode side 
humidifier (it corresponds to claim 4). As mentioned above, in order to maintain the proton conductivity of a 
poly membrane used as an electrolyte, after humidifying fuel gas, with a polymer electrolyte fuel cell, a fuel 
electrode is supplied in many cases. In this case, there is a possibility that oxygen may mix in fuel gas from 
the humidification water of a fuel electrode side humidifier. Moreover, in reusing fuel electrode side 
appearance gas as fuel gas or humidification water, a possibility of mixing in fuel gas also has the oxygen or 
the hydrogen peroxide in fuel electrode side appearance gas. In this mode, deoxidation processing etc. is 
performed to fuel gas in a fuel electrode side humidifier. Therefore, one equipment can perform deoxidation 
processing etc. with humidification of fuel gas. That is, concentration, such as oxygen in fuel gas, can be 
maintained low, without installing the equipment for performing deoxidation processing etc. separately. 
[0024] 

Moreover, when adopting the above-mentioned mode which humidifies fuel gas, it is desirable to perform 
either [ at least ] deoxidation processing or dehydrogen-peroxide processing to fuel gas by giving at least 
one side of dehydrogen-peroxide processing to which the deoxidation processing and hydrogen-peroxide 
concentration to which an oxygen density is reduced are reduced to the humidification water of a fuel 
electrode side humidifier, and humidifying with this humidification water (it corresponds to claim 5). That 
is, mixing of the oxygen from humidification water etc. can be effectively controlled by making 
concentration, such as oxygen of humidification water, low beforehand. Moreover, since concentration, such 
as oxygen of humidification water, is low, the elution of the metal ion in a fuel electrode side humidifier is 
also controlled. In addition, the deoxidation processing in this mode etc. is one of the negative processings 
in which the rise of concentration, such as oxygen in fuel gas, is controlled. 
[0025] 

The fuel electrode with which the fuel gas with which the fuel cell system of this invention contains 
hydrogen is supplied, The fuel cell with which the laminating of two or more electrode zygotes which 
consist of an electrolyte fastened between the oxygen pole to which the oxidant gas containing oxygen is 
supplied, and this fuel electrode and this oxygen pole was carried out, and they were constituted through the 
separator, It is installed in one [ at least ] passage of the fuel electrode side appearance gas discharged from 
said fuel gas and said fuel electrode. A deoxidation processing means to reduce one [ at least ] oxygen 
density of this fuel gas and this fuel electrode side appearance gas, And it is installed in one [ at least ] 
passage of the fuel electrode side appearance gas discharged from said fuel gas and said fuel electrode. It is 
characterized by having at least one side of dehydrogen-peroxide processing means ** to which one [ at 
least ] hydrogen-peroxide concentration of this fuel gas and this fuel electrode side appearance gas is 
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reduced (it corresponds to claim 6). 
[0026] 

According to the fuel cell system of this invention, the operating method of the fuel cell of this invention 
mentioned above can be enforced easily. That is, the fuel cell system of this invention is equipped with 
either [ at least ] a deoxidation processing means or a dehydrogen-peroxide processing means. Thereby, the 
oxygen density and hydrogen-peroxide concentration in fiiel gas etc. are low maintainable. Consequently, 
the corrosion of the metallic material by the side of a fuel electrode is controlled. Therefore, according to the 
fuel cell system of this invention, without causing cell performance degradation, over a long period of time, 
it is stabilized and a fuel cell can be operated. 
[0027] 

A deoxidation processing means can be made into the catalyst which carries out reduction processing of the 
oxygen in the fiiel cell system of this invention (it corresponds to claim 7). Moreover, a dehydrogen- 
peroxide processing means can be made into the catalyst which carries out reduction processing of the 
hydrogen peroxide (it corresponds to claim 8). As mentioned above, by contacting fuel gas etc. for a 
predetermined catalyst, it is decomposed and oxygen and the hydrogen peroxide which are contained in fuel 
gas etc. serve as water. Therefore, concentration, such as oxygen, such as fuel gas, can be easily reduced by 
making a deoxidation processing means or a dehydrogen-peroxide processing means into a predetermined 
catalyst. 
[0028] 

In the fuel cell system of this invention, it can have further the fuel electrode side humidifier which 
humidifies fuel gas, and the mode which has either [ at least ] a deoxidation processing means to reduce the 
oxygen density of this fuel gas, or a dehydrogen-peroxide processing means to reduce the hydrogen- 
peroxide concentration of this fuel gas can be used for this fuel electrode side humidifier (claim 9 
correspondence). In this mode, a fuel electrode side humidifier has either [ at least ] a deoxidation 
processing means or a dehydrogen-peroxide processing means. Therefore, one equipment can perform 
deoxidation processing etc. with humidification of fuel gas. That is, concentration, such as oxygen in fuel 
gas, can be maintained low, without installing the equipment for performing deoxidation processing etc. 
separately according to this mode. 
[0029] 

Moreover, when adopting the above-mentioned mode, it is desirable to give at least one side of dehydrogen- 
peroxide processing to which the deoxidation processing and hydrogen-peroxide concentration to which an 
oxygen density is reduced are reduced to the humidification water of a fuel electrode side humidifier, and 
for this humidification water to become either [ at least ] a deoxidation processing means or a dehydrogen- 
peroxide processing means (claim 10 correspondence). That is, mixing of the oxygen from humidification 
water etc. can be effectively controlled by making concentration, such as oxygen of humidification water, 
low beforehand. Moreover, since concentration, such as oxygen of humidification water, is low, the elution 
of the metal ion in a fuel electrode side humidifier is also controlled. In addition, the deoxidation processing 
means and dehydrogen-peroxide means in this mode are one of the negative means to control the rise of the 
oxygen density in fuel gas, and hydrogen-peroxide concentration. 
[0030] 

[Embodiment of the Invention] 

Below, the operation gestalt of the fuel cell system of this invention is explained in detail. In addition, in 
order for by explaining the fuel cell system of this invention to also explain the operating method of the fuel 
cell of this invention, in the gestalt of this operation, explanation is omitted about the operating method of 
the fuel cell of this invention. 
[0031] 

First, the fuel cell structure of a system which is 1 operation gestalt of this invention is explained. The 
outline of a fuel cell system is shown in drawing 2 . As shown in drawing 2 , the fuel cell system 1 is 
equipped with the polymer electrolyte fuel cell 2 used as the candidate for operation, the fuel electrode side 
humidifier 3, the fiiel electrode side vapor-liquid-separation machine 4, and the membrane-separation 
processor 5. 
[0032] 

The laminating of two or more electrode zygotes is carried out through a separator, and a polymer 
electrolyte fuel cell 2 is constituted. An electrode zygote consists of the fuel electrode and oxygen pole 
which were established in an electrolyte membrane and its both sides. An electrolyte membrane is a product 
made from Nafion 1 15 (a trade name, Du Pont make). A fuel electrode and an oxygen pole consist of 
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bilayers of the catalyst bed in which platinum includes the catalyst supported by the carbon particle, and the 
diffusion layer which consists of a carbon cross, respectively. A separator is a product made from baking 
carbon. A polymer electrolyte fuel cell 2 is contained in the fuel cell which constitutes the fuel cell system 
of this invention. 
[0033] 

The hydrogen bomb 6 and the air compressor 7 are formed in the upstream of a polymer electrolyte fuel cell 
2. After the hydrogen as fuel gas is humidified with the fuel electrode side humidifier 3 later mentioned 
through the hydrogen pressure force modulating valve 61 and the hydrogen intake valve 62 from the 
hydrogen bomb 6, it is supplied to the fuel electrode of a polymer electrolyte fuel cell 2. After the air as 
oxidant gas is humidified with the oxygen pole side humidifier 71, it is supplied to the oxygen pole of a 
polymer electrolyte fuel cell 2 from an air compressor 7. 
[0034] 

The fuel electrode side humidifier 3 is arranged at the upstream of a polymer electrolyte fuel cell 2. The fuel 
electrode side humidifier 3 is a product made from SUS316L, and has humidification water for humidifying 
hydrogen. Humidification water is ion exchange water with which reduced pressure processing for reducing 
an oxygen density was performed. The hydrogen introduced into the fuel electrode side humidifier 3 carries 
out bubbling of the humidification underwater, and is humidified. Humidification water functions as a 
deoxidation processing means. 
[0035] 

The fuel electrode side vapor-liquid-separation machine 4 is arranged at the downstream of a polymer 
electrolyte fuel cell 2. The hydrogen which was not used for the reaction with a fuel electrode is sent to the 
fuel electrode side vapor-liquid-separation machine 4 as fuel electrode side appearance gas. Platinum is 
galvanized by the inner skin of the fuel electrode side vapor-liquid-separation machine 4. Platinum returns 
the oxygen and the hydrogen peroxide which are contained in fuel electrode side appearance gas, and 
changes them into water. Platinum functions as a deoxidation processing means and a dehydrogen-peroxide 
processing means. Fuel electrode side appearance gas is separated into hydrogen and fuel electrode side 
recycled water by the fuel electrode side vapor-liquid-separation machine 4. The separated hydrogen is 
again used as fuel gas through a hydrogen pump. In addition, the separated hydrogen may be discharged by 
the change of a bulb. 
[0036] 

The membrane-separation processor 5 is arranged at the downstream of the fuel electrode side vapor-liquid- 
separation machine 4. The fuel electrode side recycled water separated with the fuel electrode side vapor- 
liquid-separation vessel 4 is sent to the membrane- separation processor 5. The membrane-separation 
processor 5 has a hollow fiber for reducing the dissolved oxygen concentration in fuel electrode side 
recycled water. A hollow fiber consists of a Pori 4-methyl pentene -1 (Dainippon Ink & Chemicals, Inc. 
make). The fuel electrode side recycled water discharged from the film membrane-separation processor 5 is 
sent to the fuel electrode side humidifier 3 through a recycled water pump, and is reused as humidification 
water. The membrane-separation processor 5 functions as a deoxidation processing means. In addition, by 
the change of a bulb, the membrane-separation processor 5 may not be sent the fuel electrode side recycled 
water separated with the fuel electrode side vapor-liquid-separation vessel 4, and it may be discharged. 
[0037] 

On the other hand, the air which was not used for the reaction on the oxygen pole is sent to the oxygen pole 
side vapor-liquid-separation machine 72 formed in the downstream of a polymer electrolyte fuel cell 2 as 
oxygen ****** gas. Oxygen ****** gas is separated into air and oxygen pole side recycled water by the 
oxygen pole side vapor-liquid-separation machine 72. The separated air is discharged. Moreover, the 
generation water generated on the oxygen pole is sent to the oxygen pole side vapor-liquid-separation 
machine 72 as oxygen pole side recycled water. Oxygen pole side recycled water is reused as humidification 
water for humidifying air. In addition, oxygen pole side recycled water may be discharged by the change of 
a bulb. 
[0038] 

Next, deoxidation processing etc. is described, ****(ing) flow, such as gas by the side of the fuel electrode 
in the above-mentioned fuel cell system. First, hydrogen is introduced from the hydrogen bomb 6 to the fuel 
electrode side humidifier 3. The introduced hydrogen carries out bubbling of the humidification underwater 
of the fuel electrode side humidifier 3. Reduced pressure processing of the humidification water is carried 
out. Therefore, the dissolved oxygen concentration of humidification water is very low. Therefore, the 
oxygen density of hydrogen does not go up. Then, hydrogen is supplied to the fuel electrode of a polymer 
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electrolyte fbel cell 2. The electrochemical reaction of hydrogen and oxygen advances in a polymer 
electrolyte fuel cell 2. The hydrogen which was not used for the reaction with a fuel electrode is sent to the 
fuel electrode side vapor-liquid-separation machine 4 as fuel electrode side appearance gas. Here, fuel 
electrode side appearance gas is divided into hydrogen and fuel electrode side recycled water. In that case, it 
is returned by the catalysis of the platinum galvanized by the inner skin of the fuel electrode side vapor- 
liquid-separation machine 4, and the oxygen and the hydrogen peroxide in fuel electrode side appearance 
gas serve as water by it. Consequently, the oxygen density and hydrogen-peroxide concentration of fuel 
electrode side appearance gas fall. The hydrogen discharged from the fuel electrode side vapor-liquid- 
separation machine 4 is again used as fuel gas. On the other hand, the fuel electrode side recycled water 
discharged from the fuel electrode side vapor-liquid-separation machine 4 is sent to the membrane- 
separation processor 5. Fuel electrode side recycled water is processed by the hollow fiber. Consequently, 
the oxygen density of fuel electrode side recycled water falls further. The fuel electrode side recycled water 
discharged from the membrane-separation processor 5 is sent to the fuel electrode side humidifier 3, and is 
reused as humidification water. 
[0039] 

According to the gestalt of this operation, the effectiveness taken below is acquired. First, with a fuel 
electrode side humidifier, since the oxygen density is low, the elution of a metal ion is controlled. Moreover, 
in order that oxygen may not mix from humidification water to fuel gas, the oxygen density of fuel gas is 
maintained low. Therefore, the elution of the metal ion in piping used as the passage of fuel gas etc. is also 
controlled. On the other hand, the oxygen density and hydrogen-peroxide concentration of fuel electrode 
side appearance gas are reduced with a fuel electrode side vapor-liquid-separation vessel. Therefore, the 
elution of the metal ion in a fuel electrode side vapor-liquid- separation machine, piping used as the passage 
of fuel electrode side appearance gas, etc. is controlled. Moreover, even if it is the case where the hydrogen 
in fuel electrode side appearance gas is reused as fuel gas, elution of a metal ion is not promoted. 
Furthermore, since there are few hydrogen peroxides, generation of a hydrogen-peroxide radical is also 
controlled and there is little damage on electrolytic etc. Moreover, the oxygen of fuel electrode side recycled 
water is further removed by the membrane-separation processor. Therefore, even when fuel electrode side 
recycled water is reused as humidification water, the oxygen density of humidification water does not go up. 
Thus, concentration, such as oxygen contained in fuel gas etc. in the fuel cell system of this invention, is 
very low. Therefore, the corrosion of the metallic material by the side of a fuel electrode has little cell 
performance degradation, even if it is controlled and operates for a long period of time. 
[0040] 

In the above, the operation gestalt of the fuel cell system of this invention was explained. However, the fuel 
cell system of this invention is not limited to the above-mentioned operation gestalt. The fuel cell system of 
this invention can be carried out with the various gestalten which performed modification which this 
contractor can make, amelioration, etc. in the range which does not deviate from the summary of this 
invention. 
[0041] 

That is, fuel electrode side appearance gas was circulated and the system consisted of above-mentioned 
operation gestalten. Therefore, fuel electrode side appearance gas is reused as fuel gas and humidification 
water. However, the fuel cell system of this invention is not limited to the above-mentioned operation gestalt 
which circulates fuel electrode side appearance gas. A system may be constituted so that all fuel electrode 
side appearance gas may be discharged. 
[0042] 

Moreover, with the above-mentioned operation gestalt, the fuel cell used as the candidate for operation was 
used as the polymer electrolyte fuel cell. However, especially the class of fuel cell made applicable to 
operation is not limited. The phosphoric acid fuel cell mentioned above, a fused carbonate fuel cell, a solid 
acid ghost mold fuel cell, etc. may be adopted. In addition, especially when the polymer electrolyte fuel cell 
which operates at low temperature is adopted, the system of this invention is effective. In this case, the 
quality of the material of the electrolyte membrane in a polymer electrolyte fuel cell or a separator, an 
electrode configuration, etc. are not limited to the above-mentioned operation gestalt. For example, the poly 
membrane of all other fluorine systems or a total hydrocarbon system can be used for an electrolyte 
membrane. Moreover, what covered noble metals and a carbon material on the front face of shaping carbon 
or a stainless steel ingredient can be used for a separator. Furthermore, various catalysts other than platinum 
can be used as a catalyst of each electrode. 
[0043] 
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With the above-mentioned operation gestalt, deoxidation processing etc. was performed to both fuel gas and 
fuel electrode side appearance gas. However, the mode which performs deoxidation processing etc. only to 
either of fuel gas and fuel electrode side appearance gas may be adopted. For example, what is necessary is 
to perform deoxidation processing etc. only to fuel gas, in not reusing fuel electrode side appearance gas as 
fuel gas or humidification water. 
[0044] 

Moreover, with the above-mentioned operation gestalt, deoxidation processing was performed to fuel gas. In 
addition, both deoxidation processing and dehydrogen-peroxide processing were performed to fuel electrode 
side appearance gas. However, especially the class and number of processings that are given to fuel gas etc. 
are not limited. The existence of circulation of fuel electrode side appearance gas etc. should just determine 
suitably the class and number of processings which are given to fuel gas etc. according to a system. For 
example, only dehydrogen-peroxide processing may be performed to fuel gas, and only deoxidation 
processing may be performed to fuel electrode side appearance gas. Moreover, the membrane-separation 
processor which carries out deoxidation processing of the fuel electrode side recycled water may be omitted, 
and the equipment which carries out dehydrogen-peroxide processing further may be added. 
[0045] 

With the above-mentioned operation gestalt, the fuel electrode was supplied, after humidifying fuel gas with 
a fuel electrode side humidifier. However, a fuel electrode may be supplied, without humidifying fuel gas. 
In this case, what is necessary is just to install separately the deoxidation processor for reducing the oxygen 
density of fuel gas in the upstream of a fuel cell, in order to carry out deoxidation processing of the fuel gas. 
In addition, even if it is the case where fuel gas is humidified, a deoxidation processor etc. can be installed 
in the upstream of a fuel electrode side humidifier. 
[0046] 

With the above-mentioned operation gestalt, the humidification water in a fuel electrode side humidifier, the 
platinum in a fuel electrode side vapor-liquid-separation machine, and a membrane-separation processor 
function as a deoxidation processing means, respectively. Moreover, the platinum in a fuel electrode side 
vapor-liquid-separation machine functions on coincidence also as a dehydrogen-peroxide processing means. 
However, a deoxidation processing means and a dehydrogen-peroxide processing means are not limited to 
the above-mentioned equipment etc. What is necessary is just to determine suitably according to the art for 
reducing an oxygen density or hydrogen-peroxide concentration, such as fuel gas. In addition, a deoxidation 
processing means may be a negative means to control the rise of an oxygen density besides [ to which 
oxygen densities, such as fuel gas, are reduced positively ] a means. The same is said of a hydrogen- 
peroxide processing means. Hereafter, various arts suitable as deoxidation processing and dehydrogen- 
peroxide processing are explained. 
[0047] 

(1) Chemical preparation 

As the above-mentioned operation gestalt showed, oxygen can be returned using a catalyst and deoxidation 
processing can be performed. Similarly, a hydrogen peroxide can be returned using a catalyst and hydrogen- 
peroxide processing can be performed. That is, oxygen or a hydrogen peroxide is disassembled into water by 
using as a catalyst the element which has **** redox equilibrium potential from the redox equilibrium 
potential of oxygen or a hydrogen peroxide. In case this approach reduces the oxygen density or hydrogen- 
peroxide concentration in a gas and a liquid, it is effective. Hereafter, disassembly of a hydrogen peroxide at 
the time of using a ruthenium (Ru) as a catalyst is explained. 
[0048] 

The redox equilibrium potential of the reduction reaction (H202+2H++2e-->2H20) of the hydrogen 
peroxide shown in the above-mentioned formula (3) is 0.695V (vs. SHE). On the other hand, the redox 
equilibrium potential of Ru/Ru3+ is 0.738V (vs. SHE). Therefore, when Ru is used as a catalyst, a hydrogen 
peroxide is disassembled into water by considering oxidation and reduction of Ru/Ru3+ as shown in a 
formula (6) and (7) as intermediation (refer to formula (8)). 
Ru->Ru3+ + 3e- ... (6) 
3H2 + 2Ru3+ -> 2Ru+ 6H+ ... (7) 
H202 + H2 -> 2H20 ... (8) 

As an element which has **** redox equilibrium potential from the redox equilibrium potential of oxygen 
or a hydrogen peroxide, there are cobalt, a cerium, lead, manganese, a vanadium oxide, iron, etc. in addition 
to the platinum used with Above Ru and the above-mentioned operation gestalt. Therefore, deoxidation 
processing etc. can carry out fuel gas etc. by contacting fuel gas etc. to the catalyst bed containing these 
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elements etc. For example, what is necessary is just to prepare the above-mentioned catalyst bed in inner 
skin, such as piping and the humidifier used as passage, such as fuel gas, and a vapor-liquid-separation 
machine. Moreover, a deoxidation processor, dehydroperoxide removal equipment, etc. which have the 
above-mentioned catalyst bed may be installed separately. 
[0049] 

(2) Physical processing 

When reduced pressure processing, heating ebullition processing, membrane-separation processing, inert 
gas purge processing, etc. carry out humidification water or fuel electrode side recycled water, those oxygen 
densities or hydrogen-peroxide concentration can be reduced. For example, what is necessary is just to hold 
humidification water etc. under a reduced pressure environment, in performing reduced pressure processing. 
What is necessary is just to carry out heating ebullition of the humidification water etc., in performing 
heating ebullition processing. What is necessary is just to process humidification water etc. using the film 
which can separate oxygen etc., in performing membrane-separation processing. What is necessary is to let 
inert gas, such as nitrogen, pass in humidification water etc., and just to deaerate it, in order to perform inert 
gas purge processing. 
[0050] 

By the fuel cell system of this invention, the corrosion of the metallic material by the side of a fuel electrode 
was controlled by making concentration, such as oxygen, such as fuel gas, low. However, the corrosion of a 
metallic material has a possibility that it may be promoted by existence of fluoride ion (F-), chloride ion (Cl- 
), etc. Moreover, the organic substance is eluted from the resin sealant used for piping etc., and there is also 
a possibility that the cell engine performance may fall by that cause. Therefore, in addition to the above- 
mentioned deoxidation processing means and a dehydrogen-peroxide means, it may have an impurity 
deionizer means to remove impurity ion, such as F- and C1-, an organic substance removal means to remove 
the organic substance, etc., and the fuel cell system of this invention may be constituted. By combining 
these, the cell performance degradation by prolonged operation can be controlled more. What is necessary is 
just to use equipment equipped with ion exchange resin for an impurity deionizer means. What is necessary 
is just to use equipment equipped with activated carbon for an organic substance removal means. In 
addition, it can also serve both as a deoxidation processing means and an organic substance removal means 
by making activated carbon support the catalyst of the above-mentioned platinum used as a deoxidation 
processing means etc., and using it. 
[0051] 
[Example] 

The polymer electrolyte fuel cell of a single eel was actually produced, and the fuel cell system which is the 
operation gestalt of this invention shown in drawing 2 performed the operation test. And the cell engine 
performance was evaluated from extent of the sag in operation test order. Moreover, extent of the corrosion 
of the metallic material in a fuel electrode side humidifier was investigated. Hereafter, evaluation of 
production of a polymer electrolyte fuel cell, an operation test, and the cell engine performance etc. is 
explained. 
[0052] 

<Production of a polymer electrolyte fuel cell> 

First, the oxygen pole and the fuel electrode were produced. The catalyst with which platinum was 
supported by carbon black was used for the catalyst of an oxygen pole and a fuel electrode. It mixed to the 
alcoholic dispersion liquid of Nafion 1 15 (a trade name, Du Pont make) which is an electrolyte, and the 
above-mentioned catalyst was made into the shape of a paste. It applied and dried on the front face of the 
carbon cross used as a diffusion layer, and this paste was used as the oxygen pole and the fuel electrode. 
Subsequently, the hotpress of these oxygen pole and the fuel electrode was carried out to both the front faces 
of the electrolyte membrane (about 50 micrometers of thickness) which consists of Nafion 1 15 at 120 
degrees C, respectively, the electrode zygote was formed, it pinched with the separator made from baking 
carbon, and the polymer electrolyte fuel cell of a single eel was produced. 

<The operation test of a polymer electrolyte fuel cell, evaluation of the cell engine performance^ etc. 
The fuel cell system of this invention shown in drawing 2 performed the operation test using the polymer 
electrolyte fuel cell which carried out [ above-mentioned ] production. In the operation test, it did not 
circulate through fuel electrode side appearance gas, but all were discharged. In addition, let this operation 
test be the operation test of an example. When the dissolved oxygen concentration of the humidification 
water in a fuel electrode side humidifier was measured as preliminary measurement, the dissolved oxygen 
concentration of humidification water was 0.5 ppm. Moreover, the temperature of humidification water was 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/7/2006 



JP,2004-281268,A [DETAILED DESCRIPTION] 



Page 10 of 11 



operated as 80 degrees C, and humidification underwater iron ion concentration was measured with the 
inductively-coupled-plasma analysis method (ICP). Consequently, humidification underwater iron ion 
concentration was 0.05 ppm or less. Moreover, current density was operated as 0.84 A/cm2 before the 
operation test, and the electrical-potential-difference value was measured. 
[0053] 

Operation tests are the conditions shown below and were performed by operating the above-mentioned 
polymer electrolyte fuel cell for 650 hours. The hydrogen of the amount of 1 .5 times of the bubbler 
temperature of 80 degrees C, back pressure abbreviation 0.05MPa, and a SUTOIKI value was supplied to 
the fuel electrode. The air of the amount of 1 .5 times of the bubbler temperature of 70 degrees C, back 
pressure abbreviation 0.05MPa, and a SUTOIKI value was supplied to the oxygen pole. Moreover, 
operating temperature was made into 80 degrees C, and current density was made into 0.1 A/cm2. Current 
density was again operated as 0.84 A/cm2 after the operation test, and the electrical-potential-difference 
value was measured. And the amount of falls from the electrical-potential-difference value before an 
operation test was calculated. 1 
[0054] 

On the other hand, for the comparison, the humidification water in a fuel electrode side humidifier was 
changed, and the operation test was performed. Let this operation test be the operation test of the example of 
a comparison. The operation test of the example of a comparison was altogether performed like the 
operation test of an example except for the point of having changed humidification water. In the operation 
test of the example of a comparison, the ion exchange water with which reduced pressure processing is not 
performed was used as humidification water. The dissolved oxygen concentration of this humidification 
water was 6 ppm. Moreover, the humidification underwater iron ion concentration when operating the 
temperature of humidification water as 80 degrees C was 0.1 ppm. 
[0055] 

The amount of sag in the operation test of an example was abbreviation one half compared with the amount 
of sag in the operation test of the example of a comparison as a result of the two above-mentioned operation 
tests. This shows that cell performance degradation was controlled by the operation test of an example. 
Moreover, as a result of observing the inside of a fuel electrode side humidifier visually, with the fuel 
electrode side humidifier used by the operation test of an example, most corrosion of the metallic material in 
a waterline and a welding part was not seen. On the other hand, with the fuel electrode side humidifier used 
by the operation test of the example of a comparison, the trace which the metallic material corroded in the 
waterline and the welding part was seen. Since the oxygen density of humidification water was low, in the 
operation test of an example, the corrosion of the metallic material in a fuel electrode side humidifier was 
effectively controlled, so that clearly from this result. 
[0056] 

As mentioned above, it has checked that a fuel cell could be operated over a long period of time, without 
according to the fuel cell system of this invention, could control the corrosion of the metallic material by the 
side of a fuel electrode, and causing cell performance degradation. 
[0057] 

[Effect of the Invention] 

In the operating method of the fuel cell of this invention, either [ at least ] deoxidation processing to which 
an oxygen density is reduced in either [ at least ] fuel gas or fuel electrode side appearance gas, or 
dehydrogen-peroxide processing in which hydrogen-peroxide concentration is reduced is performed. 
Thereby, the corrosion of the metallic material by the side of a fuel electrode is controlled. Therefore, 
according to the operating method of the fuel cell of this invention, even if it is the case where a fuel cell is 
operated for a long period of time, there is little cell performance degradation. Moreover, according to the 
fiael cell system of this invention, the operating method of the fuel cell of above-mentioned this invention 
can be enforced simple. Therefore, according to the operation system of the fuel cell of this invention, 
without causing cell performance degradation, over a long period of time, it is stabilized and a fuel cell can 
be operated. 

[Brief Description of the Drawings] 

[Drawing 1] The current-potential curve of a stainless steel ingredient is shown typically. 

[Drawing 2] The outline of the fuel cell system which is 1 operation gestalt of this invention is shown. 

[Description of Notations] 

1 : Fuel cell system 2: Polymer electrolyte fuel cell 

3: Fuel electrode side humidifier 4: Fuel electrode side vapor-liquid-separation machine 5: Membrane- 
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separation processor 

6: Hydrogen bomb 61 : Hydrogen pressure force modulating valve 62: Hydrogen intake valve 

7: Air compressor 71 : Oxygen pole side humidifier 72: Oxygen pole side vapor-liquid-separation machine 

[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 





[Translation done.] 
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